In this study, the western North Pacific-East Asian (WNP-EA) rainfall anomaly induced by the strong El Niñ o in 1982-83, 1991-92, and 1997-98, and its association with the mean state, are examined. Over the northern part of the WNP-EA region (north of 208N), which is dominated by southwest-northeast tilting frontal systems, positive rainfall anomalies from the fall before the El Niñ o peak phase (year 0) to the first wet period after the peak phase (year 1) are affected by low-and midlevel horizontal moisture convergence anomalies induced by low-level anticyclonic circulation anomalies over the WNP region that are associated with El Niñ o. Over the southern part of the WNP-EA region (south of 208N), which is dominated by tropical convection, positive precipitation anomalies in the first and second wet periods of year 0 and negative precipitation anomalies from the fall of year 0 to the second wet period of year 1 are associated with the variation of the net energy into the atmosphere, which is mainly contributed to by local evaporation anomalies. The mechanisms for inducing the precipitation anomalies over both northern and southern parts of the WNP-EA region are similar to the mechanisms of the mean precipitation in each rainy period, but the detailed processes for the southern WNP-EA precipitation anomalies are more complicated, particularly in summer. In the first wet periods of years 0 and 1 and the fall of year 0, the precipitation anomalies are induced by evaporation anomalies that are contributed to by similar effects of sea surface temperature (SST) and wind speed anomalies. In the second wet period of years 0 and 1, on the other hand, near-surface wind speed anomalies affect precipitation via the process of evaporation. These wind speed anomalies are associated with the concurrence of the low-level circulation anomalies over the WNP region and the Asian summer monsoon trough. The SST anomalies are merely a response to evaporation and downward solar radiation anomalies. The dependence of the rainfall anomalies on the mean state, that is, similar causes for the rainfall mean and anomalies in each rainy period, implies that the mean state plays a key role in simulating the interannual variation over the WNP-EA region.
Introduction
The western North Pacific-East Asian (WNP-EA) climate shows a strong interannual variation, with and without the presence of El Niñ o-Southern Oscillation. With the influence of ENSO, the rainfall associated with the Asian summer monsoon exhibits a very strong interannual variation (e.g., Chang et al. 2000a,b; Chou et al. 2003; Lau et al. 2004; Wang et al. 2000; Wang et al. 2001; Wang and Zhang 2002 and references therein) . In the growing year of El Niñ o, the western North Pacific summer monsoon rainfall tends to increase, due to a low-level cyclonic circulation anomaly over the WNP and the Philippine Sea. In the decaying year of El Niñ o, on the other hand, the changes in rainfall are reversed (decreased), due to a low-level anticyclonic circulation in summer. The reversal of the low-level circulation anomalies occurs around September of the El Niñ o growing year, a coupling with the seasonal cycle (e.g., Chen et al. 2007; Chou 2004; Lau and Nath 2006; Wang and Zhang 2002) . In other seasons, such as fall, winter, and spring, rainfall is also affected by ENSO (e.g., Wang et al. 2000; Wu et al. 2003; Zhang and Sumi 2002) . In addition to the typical ENSO events, a pseudo-El Niñ o (El Niñ o Modoki) can also affect the WNP-EA climate Weng et al. 2007 ). For instance, the WNP summer monsoon is enhanced and the East Asian summer monsoon is reduced during the positive phase of this phenomenon. Without the ENSO influence, the summer rainfall over these areas also shows a strong interannual variation (e.g., Chou et al. 2003; Geng et al. 2000; Park and Schubert 1997) , which can be attributed to the Indian dipole pattern (e.g., Guan and Yamagata 2003; Li et al. 2005; Saji and Yamagata 2003; Yoo et al. 2006 ), a biennial oscillation (e.g., Meehl et al. 2003; Shen and Lau 1995) , snow cover of the Tibetan Plateau and Eurasia (e.g., Hsu and Liu 2003; Liu and Yanai 2002; Wu and Kirtman 2007) , and a Pacific-Japan (PJ) pattern (e.g., Nitta 1987; Lau 1992; Huang and Sun 1992; Nitta and Hu 1996) .
How can El Niñ o affect the WNP-EA climate, a region far away from the main warm SST anomalies over the equatorial eastern Pacific? Low-level circulation anomalies over the WNP and the Philippine Sea, which persist through almost the entire El Niñ o period of two years, play a major role in connecting the climate over these two regions (e.g., Kang 2004; Lau et al. 2004; Sumi et al. 2004; Wang et al. 2000; Wu et al. 2003) . In the El Niñ o peak phase, low-level circulation anomalies are usually associated with a Rossby wave response to suppressed convection induced by a weakening of the Walker circulation and cold SST anomalies over the western Pacific warm pool (Chou 2004; Wang et al. 2000; Wang and Zhang 2002; Watanabe and Jin 2002) .
El Niñ o impacts on precipitation depend on the mean circulation over the WNP-EA region in each season even though the anomalous fields could be the same.
Over the WNP-EA region, roughly defined as the region 108-408N, 1108-1508E, five natural rainy seasons have been identified: winter, spring, the first wet period (pre-mei-yu/mei-yu season), the second wet period (typhoon season), and fall (Chen and Chen 2003; Chou et al. 2009, hereafter CHTTT; Yeh and Chen 2000) . Thus, our focus here is on how El Niñ o affects the precipitation over this region in each natural season via the interaction between the mean state and the anomalous fields. We will also examine the differences and similarities of the mechanisms inducing mean and anomalous precipitation. We first review the seasonal variation of precipitation and possible processes associated with precipitation over this region because the El Niñ o impacts on the precipitation may depend on the mean state of each season. Based on this review of the seasonal variation of precipitation, we further examine possible processes for inducing the interannual variation of precipitation associated with strong El Niñ o events, which usually has a strong teleconnection with the WNP-EA climate. The datasets that we used in this study have relatively finer temporal resolutions, such as 6-hourly and pentad intervals, so we can accurately identify El Niñ o impacts not only on the spatial distribution but also on temporal variations. The datasets used here are briefly described in section 2, followed by a description of the seasonal cycle and interannual variation of the precipitation over the WNP-EA region. Processes associated with rainfall anomalies over the northern and southern parts of the WNP-EA region are discussed in sections 4 and 5, respectively. Discussion and conclusions are presented in section 6.
Data
To study the interannual variation of precipitation over the WNP-EA region, the Climate Precipitation Center (CPC) Merged Analysis of Precipitation (CMAP) (Xie and Arkin 1997) pentad precipitation is used as the primary dataset. The CMAP precipitation is from 1979 to 2006 and global coverage is at a resolution of 2.58 3 2.58. Besides precipitation, other variables such as winds, air temperature, and surface heat fluxes are derived originally from a 28-yr 6-hourly National Centers for Environmental Prediction-Department of Energy (NCEP-DOE) Reanalysis-2 dataset, hereafter referred to as NCEP2 (Kanamitsu et al. 2002) . In other words, both linear terms (such as wind components) and nonlinear terms (such as horizontal moisture convergence) are calculated 6 hourly and then averaged into a pentad temporal resolution. Thus, the transient effect is included in the nonlinear terms. A weekly optimum interpolation (OI) sea surface temperature (SST) with 18 spatial resolution from November 1981 to December 2006 (Reynolds et al. 2002 ) is interpolated into a pentad resolution consistent with the precipitation data. To study the association of the WNP-EA climate with El Niñ o, the three strongest El Niñ o events during 1979-2006-1982-83, 1991-92, and 1997-98-are analyzed, along with the composite of these three El Niñ o events. The choice of El Niñ o is based on the Niñ o-3.4 index in December-February (DJF). Most results shown here are a composite of the three El Niñ o events and are consistent with the results for each individual El Niñ o. Since the peak phase of El Niñ o is around the end of the year, the year before the peak phase (1982, 1991, 1997 ) is defined as a growing year (year 0) and the year after the peak phase (1983, 1992, 1998) as a decaying year (year 1).
Seasonal and interannual variations a. Seasonal variation
Over the WNP-EA region, five distinguishable natural rainy periods are commonly defined: spring, the first and second wet periods, fall, and winter (Chen and Chen 2003; CHTTT; LinHo and Wang 2002) . Figure 1 shows the seasonal variation of the pentad precipitation anomalies over 1108-1508E. We note that the domain here is slightly wider than that used in CHTTT because the precipitation anomalies associated with El Niñ o usually extend to the east of 1408E in summer. However, this modification does not change the onset time of each rainy period. In the spring period, from mid-March to mid-May (from the 13th to 27th pentads), a major rainband found between 238 and 338N is associated with a frontal system. In mid-May (the 28th pentad), strong rainfall (greater than 6 mm day 21 ) occurs around 208-308N and moves northward gradually, which is associated with the pre-mei-yu/mei-yu front (Ding and Chan 2005) . This is the onset of the first wet period, which ends around late July (the 41st pentad). Meanwhile, strong tropical convection is also found around 58-158N, which is consistent with the South China Sea and the WNP summer monsoons. The tropical convection in the south abruptly jumps northward to 208N (the 10 mm day 21 contour) late in July (the 42nd pentad). This is associated with the development of the WNP summer monsoon gyre, which marks the beginning of the second wet period. Almost at the same time, the pre-mei-yu/ mei-yu front in the north disappears. The WNP summer monsoon gyre is associated with the eastward extension of the Asian summer monsoon trough, which creates a favorable condition for cyclogenesis, so tropical cyclones and typhoons dominate the WNP-EA region during this period. Late in September (the 55th pentad), cold and dry air associated with the continental high starts to move southward into the WNP-EA region. The tropical convection is also weakened and retreats southward, which signals the start of the fall period, when a frontal system dominates the northern part of the WNP-EA region, while tropical convection (greater than 6 mm day
21
) dominates the southern part of the WNP-EA region. By the end of year, near the 68th pentad, the cold and dry northerly winter monsoon circulation dominates the entire WNP-EA region, so the winter period is a dry season over this region. A detailed discussion of the five major rainy periods can be found in CHTTT.
The rainy systems over the WNP-EA region can be classified into two major categories: tropical convection over the south and frontal systems over the north. The rainfall associated with the frontal system, with a southwest-northeast tilting rainband, can be found in spring, the first wet period, fall, and winter (Figs. 2a, 2b , 2d, and 2e). The tilting rainbands in the first wet period and fall are connected to tropical convection, while the tilting rainbands in spring and winter are not. This southwest-northeast tilting rainband is associated directly or indirectly with horizontal moisture convergence at low and midlevels (CHTTT). The major tropical convection over the WNP-EA region, on the other hand, can be found in the first and second wet periods and fall (Figs. 2b-d) . Most of the rainfall from tropical convection is over oceanic regions, such as the South China Sea and the Philippine Sea. The tropical convection starts in the first wet period, reaches its maximum strength in the second wet period, when the Asian summer monsoon trough extends eastward, and retreats from north to south in fall. The tropical convection is FIG. 1. The CMAP seasonal precipitation climatology (1979 averaged over 1108-1508E.
most closely associated with local boundary conditions, such as SST and the net energy into the atmospheric column F net , which is the sum of evaporation, sensible heat, and longwave and shortwave radiative fluxes, and their spatial distribution (CHTTT). Figure 3 shows precipitation anomalies averaged over 1108-1508E for the three strongest El Niñ o events since 1979-the 1982-83, 1991-92, and 1997-98 El Niñ osand their composite. A 2-yr period is shown from the El Niñ o growing year (0) to the El Niñ o decaying year (1). Over the north (north of 208N), positive precipitation anomalies are found between 258 and 358N in the period from the end of year 0 to April of year 1 and the period around June and July of year 1, which occur in all three El Niñ o events. This indicates that rainfall associated with frontal systems becomes larger in winter (0-1), spring (1), and the first wet period (1). On one hand, because of the enhancement of rainfall in winter (0-1), no clear dry (winter) season (68-82nd pentad) is found (Fig. 4a) . On the other hand, the onset time of the spring rainy period (the straight line at the 83rd pentad in Fig. 4a ) and the first wet period (at pentad 101 in Fig.  4b ) does not change significantly even though the rainfall is increased in both periods of the El Niñ o decaying year.
b. Interannual variation
Over the southern region (south of 208N), where rainfall is mainly associated with tropical convection, rainfall is first enhanced around the second wet period of year 0, but is suddenly reduced in the fall of year 0 (Fig. 3) . This reduced rainfall persists for almost one year into the second wet period of year 1. In other words, negative rainfall anomalies occur in fall (0), winter (0-1), spring (1), and the first and second wet periods (1). This rainfall variation also indicates a biennial variation between the second wet periods of year 0 and year 1. Upon closer examination, the positive (negative) rainfall anomalies in the second wet period of year 0 (year 1) are found to be associated with the change in intraseasonal variations, which is seen more clearly when examining each El Niñ o event (Figs. 3 and 4c) . The association of the intraseasonal variation with El Niñ o has been discussed in Lau and Nath (2006) and Wang and Zhang (2002) . The reversal of rainfall anomalies in the fall of year 0 occurs within only four pentads around the 50th, with the rainfall change from 15 to 5 mm day 21 (Fig. 4c ). Further examination of the onset of each period reveals a clear delay of onset for the second wet period of year 1 (Fig. 4b) , while other rainy periods, such as the first wet period (0 and 1) and the second wet period (0), do not show any clear sign in the change of onset. Overall, rainfall in the six rainy periods over the 2-yr period is clearly associated with strong El Niñ o events as follows: the second wet period (0), fall (0), winter (0-1), spring (1), and the first and second wet periods (1). We will further discuss the association of the major rainy systems over the WNP-EA region with El Niñ o and possible mechanisms for inducing such rainfall anomalies in the following sections.
4. The northern part of the WNP-EA sector a. Spatial variation Figure 5 shows the rainfall anomalies in the four rainy periods that are dominated by the southwest-northeast tilting rainband over the northern part of the WNP-EA region, which could possibly have strong El Niñ o impacts, such as those shown in Fig. 3 . During the first wet period (0), no clear anomalies occur for the pre-mei-yu/ mei-yu rainband (Fig. 5a ), consistent with the results shown in Fig. 3 . In winter (0-1), a significant rainfall enhancement occurs along the east coast of the Asian continent from southeastern China to the eastern part of Japan and coincides well with the major winter rainband that is associated with the frontal system (shaded area in Fig. 5b ). In spring (1), similar positive precipitation anomalies are also found over southeastern China, Taiwan, and Japan, which are dominated by the southwest-northeast tilting spring rainband (shading in Fig. 5c ). In the first wet period (1), relatively stronger positive precipitation anomalies (greater than 2 mm day
21
) associated with the pre-mei-yu/mei-yu rainband occur from the East China Sea to the east of Japan. We further note that rainfall anomalies also occur over the southern part of the WNP-EA region for all four rainy periods, which will be discussed in the next section.
On a seasonal time scale, the southwest-northeast titling rainband over the northern part of the WNP-EA region is mainly induced by horizontal moisture convergence (CHTTT), which is associated with horizontal velocity. Thus, we first examine the horizontal moisture convergence in the lower troposphere (Fig. 6 ). Positive horizontal moisture convergence anomalies are clearly found along the east coast of the Asian continent in the winter (0-1), spring (1), and first wet (1) periods, which coincide well with the positive precipitation anomalies shown in Fig. 5 . This implies that the precipitation changes on an interannual time scale are also associated with horizontal moisture convergence in the low and mid troposphere. This positive horizontal moisture convergence is mainly induced by the low-level anticyclonic circulation anomaly over the Philippine Sea and the western North Pacific, which is a well-known feature associated with El Niñ o (e.g., Chang et al. 2000a,b; Chen et al. 1992; Chen et al. 2007; Chou et al. 2003; Chou 2004; Huang and Sun 1992; Kawamura et al. 2001; Lau and Bua 1998; Lau and Wu 2001; Nath 2000, 2006; Nitta 1987; Tanaka 1997; Wang et al. 2000; Wang et al. 2001; Wang and Zhang 2002; Weng et al. 1999; Wu and Wang 2000) . The component of the anomalous horizontal moisture convergence associated with anomalous moisture, on the other hand, is relatively weak. During the mature phase of El Niñ o in winter (0-1), the corresponding low-level anticyclonic circulation anomaly is strongest, so the positive horizontal moisture convergence anomalies are the largest and most widespread. However, the corresponding positive precipitation anomalies are not the largest because it is in the driest season over the region. As the low-level anticyclonic circulation anomaly decays and shrinks seasonally, the horizontal moisture convergence anomalies are also weakened.
In the first wet period (0), a low-level cyclonic circulation anomaly associated with El Niñ o is found over the WNP-EA region, but it is relatively weaker and is concentrated only over the region of 08-158N, 1308-1708E-away from the location of the pre-mei-yu/meiyu rainband. Thus, no clear horizontal moisture convergence anomalies nor their corresponding precipitation anomalies are found. We note that small positive horizontal moisture convergence anomalies-associated with a low-level anticyclonic circulation anomaly north of the cyclonic circulation anomaly over the region of 0-158N, 1308-1708E-can still be found over eastern Japan. This dipole pattern of the low-level circulation anomalies is commonly found over the WNP-EA region (e.g., Chou et al. 2003; Hsu and Lin 2007; Lau and Weng 2001; Tian and Yasunari 1992; Weng et al. 1999 ).
b. Temporal variation
In Fig. 7a , major positive horizontal moisture convergence anomalies are found from November of year 0 to July of year 1, with a short break in May of year 1. The positive horizontal moisture convergence anomalies appear abruptly and extend broadly from 158 to 358N around November (0). Those anomalies coincide well with the positive precipitation anomalies in the winter (0-1), spring (1), and first wet (1) periods, which are relatively narrower in the meridional direction (shading in Fig. 7a ). This is further evidence that the positive rainfall anomalies over the northern part of the WNP-EA region are associated with anomalous horizontal moisture convergence. Further examination of the variation of total horizontal moisture convergence (Fig. 7b ) reveals that the positive horizontal moisture convergence during El Niñ o starts in March, identical to the starting time of the positive horizontal moisture convergence climatology, a sign for the onset of the spring rainy period (CHTTT). This implies that El Niñ o does not modify the onset of the spring rainy period (1), consistent with the result shown in Fig. 4a , even though the horizontal moisture convergence is enhanced greatly.
The southern part of the WNP-EA sector a. Spatial variation
Most precipitation changes over the southern part of the WNP-EA region during El Niñ o occur in the second wet periods of year 0 and year1 and the fall of year 0 (Fig. 8 ), which will be the primary focus in this section. We also note that rainfall anomalies over the southern part of the WNP-EA region can also be found in other rainy periods, such as the four periods shown in Fig. 5 , which will also be briefly discussed.
1) THE SECOND WET PERIOD OF YEAR 0
During the second wet period (0) most positive precipitation anomalies occur east of 1408E (Fig. 8a) and connect to the main positive precipitation anomalies over the equatorial eastern Pacific induced by the El Niñ o warm SST anomalies (not shown). The positive precipitation anomalies east of the major Asian summer monsoon gyre indicate an eastward extension of the Asian summer monsoon gyre and an eastward deepening of the Asian summer monsoon trough.
This eastward extension of the Asian summer monsoon trough will affect typhoon activity, such as the track (Wang and Chan 2002) . The positive precipitation anomalies concur well with a low-level cyclonic circulation anomaly (Fig. 8b) , commonly found in the summer of the El Niñ o growing year (e.g., Chou et al. 2003; Wang and Zhang 2002; Wu et al. 2003) . Negative precipitation anomalies also occur over the Maritime Continent and the eastern Indian Ocean where lowlevel divergence anomalies are found. Since our interest is the WNP-EA region, we will focus on the positive precipitation anomalies in the following discussion.
The positive precipitation anomalies over the WNP may be associated with the Asian summer monsoon gyre, which has a close relationship with the net energy flux into the atmosphere F net (CHTTT), so we first examine F net to understand possible mechanisms that can induce the precipitation anomalies over this region. Over the WNP where precipitation anomalies are positive, F net anomalies are also positive (Fig. 9a) , which indicates that the atmosphere over this region is warmed by the net energy input. Unlike the positive precipitation anomalies, the positive F net anomalies are specific to the WNP region and do not link to the positive F net anomalies over the equatorial eastern Pacific (not shown). This warming effect enhances convection, so the corresponding precipitation is increased. Further examination of each component of F net reveals that the positive F net anomalies are mainly associated with positive surface heat flux anomalies into the atmosphere (Fig. 9b) . Net surface heat flux is the sum of evaporation and sensible heat fluxes and surface solar and longwave radiation. Since surface longwave radiation tends to reduce the net surface heat flux into the atmosphere due to increased clouds induced by enhanced convection, surface longwave radiation cannot be responsible for the positive surface heat flux anomalies. The increased clouds attenuate insolation, so downward solar radiation is reduced (Fig. 9c) , which does have a positive contribution to the surface heat flux into the atmosphere. However, the net solar absorption by the atmosphere does not vary too much with clouds ( Fig. 9d) , so solar radiation is not a factor for the positive F net anomalies either. The sensible heat anomalies are also relatively small in this region (not shown). Thus, positive evaporation anomalies shown in Fig. 9e are the main source for the positive net surface heat flux anomalies, which are associated with the positive F net anomalies. We next examine the processes for inducing these positive evaporation anomalies. Evaporation mainly depends on surface wind speed and the difference between atmospheric water vapor and saturated moisture at the ocean surface, which is sensitive to SST. Over the region with the positive F net anomalies, SST anomalies are negative (Fig. 9f) , so the corresponding moisture difference is usually reduced. Thus, the positive evaporation anomalies cannot be induced by the cold SST anomalies. In other words, they must be associated with positive surface wind speed anomalies. Figure 8b confirms that the near-surface wind speed over this region is increased, so the positive evaporation anomalies are associated with positive wind speed anomalies. In the second wet period (0), the Asian summer monsoon trough dominates the WNP, so the low-level cyclonic circulation anomaly over this region (Fig. 8b) , which is induced by El Niñ o, implies an increase in near-surface wind speed, which enhances evaporation. Thus, the corresponding precipitation can be increased directly due to an increase in the atmospheric moisture via evaporation processes. The increased evaporation then warms the atmosphere via a convection process, that is, positive F net anomalies, so convection is enhanced and, thus, precipitation increased. This is a dynamic feedback due to the change in the convection-related circulation. Both enhanced evaporation and increased clouds can reduce SST, so the ocean here, with negative SST anomalies, is just a simple response to the atmospheric forcings, not a forcing for the atmosphere, which has been discussed in many studies, particularly over the WNP (e.g., Wang et al. 2005; Wu et al. 2006; Wu and Kirtman 2007) .
2) SECOND WET PERIOD OF YEAR 1
During the second wet period of year 1, the anomalies are reversed (Figs. 8c and 8d ), compared to the second wet period of year 0 (Figs. 8a and 8b) . Negative precipitation anomalies occur over the South China Sea, the Philippine Sea, and the WNP, which implies a weakening of the Asian summer monsoon gyre and the Asian summer monsoon trough. Similar to the second wet period of year 0 in which the precipitation anomalies are related to a low-level circulation anomaly, the FIG. 7 . Temporal variations of (a) the composite for the low-level (1000-700 hPa) horizontal moisture convergence anomalies (contour), with shading for the precipitation anomalies larger than 1 mm day 21 , and (b) the total low-level (1000-700 hPa) horizontal moisture convergence for the composite of the three strong El Niñ o events (contour) and climatology (shading).
negative precipitation anomalies are associated with an anticyclonic circulation anomaly. However, both the precipitation anomalies and the low-level anticyclonic circulation anomaly are located much farther westward than those in the second wet period of year 0. A clear cyclonic circulation anomaly is also found in the region 308-458N, 1208-1608E north of the anticyclonic circulation anomaly and the negative precipitation anomalies in the WNP. Corresponding to the cyclonic circulation anomaly, positive but weak precipitation anomalies are found. This dipole pattern has been discussed in several studies (e.g., Chou et al. 2003; Hsu and Lin 2007; Lau and Weng 2001; Tian and Yasunari 1992; Weng et al. 1999) . Positive precipitation anomalies are also found over the Maritime Continent and the eastern Indian Ocean, with opposite signs to those in the second wet period of year 0. This reversal of the anomalies in the second wet periods between year 0 and year 1 indicates a biennial variation over the WNP-EA region that is associated with El Niñ o, similar to the result shown in Fig. 3 ; however, the locations of these anomalies are slightly different between these two second wet periods.
Examining the heat fluxes over the WNP with negative precipitation anomalies, F net anomalies are negative (Fig. 10a) , which is mainly due to negative surface heat flux anomalies (Fig. 10b) . Even though the decreased clouds can allow more insolation to penetrate through the atmosphere and reach the ocean surface (Fig. 10c) , the net solar absorption by the atmosphere is still relatively weak (Fig. 10d) . Thus, negative evaporation anomalies, shown in Fig. 10e , are the main contributor to the negative F net anomalies via surface heat flux exchange. These negative evaporation anomalies are mainly associated with reduced surface wind speed (Fig. 8d) since the corresponding positive SST anomalies cannot induce such evaporation anomalies (Fig.  10f) . The surface wind speed is reduced because of the low-level anticyclonic circulation anomaly coinciding with the Asian summer monsoon trough, which is associated with El Niñ o. Similar to those of the second wet period of year 0, the warm SST anomalies are also associated with evaporation and solar radiation anomalies: weaker evaporation and stronger downward solar radiation because of less cloud. The positive SST anomalies are located farther westward in year 1 than in year 0, which coincides well with the corresponding precipitation anomalies. Overall, the changes of the heat fluxes and SST shown in Fig. 10 are roughly opposite to those in Fig. 9 .
3) FALL OF YEAR 0
In the fall of year 0 (Fig. 8e) clear negative precipitation anomalies occur over the southern oceans, including the eastern Indian Ocean, the South China Sea, the Philippine Sea, and the Maritime Continent. This indicates a weakening of tropical convection, which is a main process for the fall rainfall in the southern part of the WNP-EA region. An anticyclonic circulation anomaly is found over the South China Sea and the Philippine Sea that coincides well with the negative precipitation anomalies. Anomalous divergence is also found centered over the Maritime Continent (Fig. 8f) consistent with a weakening of the Walker circulation during El Niñ o.
Over the southern part of the WNP-EA, which is still dominated by tropical convection, F net anomalies are negative (Fig. 11a) , so the corresponding convection is reduced. Similar to the processes in the two wet periods, the negative F net anomalies are mainly associated with negative evaporation anomalies in convective regions. Unlike the second wet period (0), during the last period the corresponding wind speed anomalies are no longer positive but become slightly negative (Fig. 8f) . The corresponding SST anomalies, on the other hand, are still negative and cover relatively broader regions (Fig. 11b) compared to those of the second wet period (0). Thus, both reduced wind speed and cold SST anomalies contribute to the negative evaporation anomalies. The negative SST anomalies here cannot be induced by solar radiation, such as in the second wet period (0 and 1), since convection is weaker and the corresponding clouds are decreased, which should allow more insolation to reach the ocean surface. Several studies indicate that ocean dynamics may be responsible for these cold SST anomalies (e.g., Chou et al. 2004; Su et al. 2001 ).
4) OTHER RAINY PERIODS
In both the winter (0-1) and spring (1) periods, strong negative precipitation anomalies occur over the equatorial western Pacific warm pool region (Figs. 5b and 5c ), FIG. 10 . As in Fig. 9 but for the second wet period of year 1.
which is a part of the well-known horseshoe pattern that is associated with an El Niñ o event (Ropelewski and Halpert 1987) . Reversal signs of precipitation anomalies are found between the first wet periods of year 0 and year 1: positive anomalies in year 0 and negative anomalies in year 1 (Figs. 5a and 5d ). In year 0 most positive precipitation anomalies are located east of 1508E, slightly more southeastward than in the second wet period (0). These positive precipitation anomalies coincide well with the cyclonic circulation anomaly shown in Fig. 6a . In year 1, on the other hand, the negative precipitation anomalies extend much more westward to the South China Sea and farther northward to around 208N. The negative precipitation anomalies also coincide well with the anticyclonic circulation anomaly shown in Fig. 6d . In this rainy period, clear dipole patterns of the precipitation and low-level wind anomalies are found over the WNP-EA region: negative precipitation anomalies and an anticyclonic circulation anomaly associated with tropical convection in the south, and positive precipitation anomalies and a cyclonic circulation anomaly associated with the premei-yu/mei-yu rainband in the north. The biennial variations of the precipitation anomalies and low-level circulation anomalies in the first wet periods between year 0 and year 1 are similar to those found in the second wet periods (Fig. 8) .
In winter (0-1) and spring (1), the peak phase of El Niñ o, negative precipitation anomalies are associated with either a weakening of the Walker circulation induced by the warm SST anomalies over the equatorial eastern Pacific or the local cold SST anomalies, which induce negative evaporation and F net anomalies (e.g., Chou 2004; Chou et al. 2004; Su et al. 2001) . In both first wet periods of year 0 and year 1, the precipitation and F net anomalies over the southern part of the WNP-EA region are similar to those in the second wet periods of the respective year so that the F net anomalies are a main source for the precipitation anomalies (not shown). However, the corresponding SST anomalies are quite different even though the corresponding evaporation anomalies are consistent with the F net anomalies. In year 0 the SST anomalies of the first wet period are slightly positive over the regions with positive precipitation and F net (evaporation) anomalies (not shown), but they are negative in the second wet period. In year 1 the signs of the anomalies are reversed. Thus, the SST anomalies have a slightly positive correlation with precipitation and F net in the two first wet periods, but have a negative correlation in the two second wet periods. In other words, the SST anomalies in the first wet period are forcing the precipitation anomalies. Besides the different SST anomalies, the contribution of near-surface wind speed is also weaker in the two first wet periods since the Asian summer monsoon trough has not yet extended eastward to the WNP region. Overall, the F net anomalies in the first wet periods of year 0 and year 1 are associated with evaporation anomalies that are determined by similar, but relatively weaker, contributions of the SST and wind speed anomalies.
b. Temporal variation
To understand the variation of those variables over the southern part of the WNP-EA region associated with El Niñ o, we further examine temporal variations of F net , SST, and low-level wind anomalies (Fig. 12) . The net energy into the atmosphere, F net , is important to the precipitation over the southern part of the WNP-EA region, which is dominated by tropical circulation. Examining the regions south of 208N, positive F net anomalies appear around July (0) and abruptly change sign to negative values by the end of September (0) when the fall period starts. The negative F net anomalies then persist for one year to the end of September (1). The variation of F net is consistent with the variation of the precipitation anomalies over the southern part of the WNP-EA regions (Fig. 3d ). This indicates a strong correlation between F net and the precipitation anomalies. The corresponding SST anomalies shown in Fig.  12b have opposite signs to the F net anomalies during the second wet periods of year 0 and year 1, but have the same sign as the F net anomalies (negative) from the beginning of October (0) to around June (1).
The SST anomalies have a relatively smooth variation in year 0 even though the F net anomalies have a sharp change in sign around the end of September (0). In year 1, on other hand, the SST anomalies change sign around July (1), but the F net anomalies do not change their FIG. 12 . Two-year temporal variations of the composite for the anomalies of (a) the net energy flux into the atmospheric column; (b) SST; (c) the 925-hPa wind, with shading for the climatology of the negative meridional wind (southerly); and (d) the 925-hPa wind speed averaged over 1108-1508E. signs. Thus, the variation of the SST anomalies is different from the variation of both the F net anomalies and the precipitation anomalies over the southern part of the WNP-EA region in the second wet periods of year 0 and year 1. In other words, the SST anomalies are not the main cause inducing the precipitation anomalies, particularly in the second wet periods of year 0 and year 1. This is different from the role of SST in creating mean precipitation in each rainy period.
Further examining of the low-level wind anomalies, a cyclonic circulation anomaly starts around June (0) and extends until the end of September (0). Low-level wind anomalies become anticyclonic when the mean circulation reverses from southerly to northerly, at the onset of the fall period (Fig. 12c) , so this reversal of the lowlevel circulation anomalies is connected with seasonal variations (Chen et al. 2007; Chou 2004; Lau and Nath 2006; Wang and Zhang 2002) . This anticyclonic circulation anomaly persists for one year until the end of September (1), a temporal variation similar to the F net and precipitation anomalies. This confirms that the lowlevel circulation anomaly plays a major role for inducing the precipitation anomalies. Figure 12d shows the variation of the wind speed anomalies at 925 hPa. The wind speed anomalies show maximum (minimum) values in the second wet period of year 0 (year 1), with sharply reversed signs at either the start or the end of this rainy period, particularly in year 0. The wind speed anomalies are consistent with the F net anomalies during these two second wet periods when the SST anomalies are opposed to the F net anomalies. These local maximum (minimum) anomalies are associated with the low-level circulation anomalies that coincide well with the eastward extension of the Asian summer monsoon trough in the second wet periods. This is evidence that the mean state affects the anomalous field. Large positive wind speed anomalies are also found near the equator around April (1) when the SST anomalies reach a minimum. Overall, the F net anomalies are controlled by the SST anomalies from fall (0) to May (1), but are dominated by the wind speed anomalies in the second wet periods of year 0 and year 1.
As discussed in the previous section, the onset of the second wet period (1) tends to be delayed for several pentads; so we examine further the possible mechanisms for this delay of the onset. Figure 13a shows the variation of F net over the region to be dominated by the Asian summer monsoon gyre. The sharp increase in F net in the second wet period is a few pentads later in the El Niñ o decaying years than in normal years, consistent with the delay of the onset of the second wet period (1). We then examine the variation of the 925-hPa wind speed, which is the main factor for controlling F net in the second wet period (Fig. 13b) . The wind speed is lower in the El Niñ o decaying years than in normal years after the normal onset time, the 42nd (115th) pentad, which is also consistent with the variation of F net shown in Fig.  13a . Thus, the persistence of the low-level anticyclonic circulation anomaly over the WNP reduces the wind speed and then delays the onset of the second wet period (1). In other words, the anomalous field is affecting the mean state. Closely examining the low-level wind anomalies shown in Figs. 6 and 8, the anticyclonic circulation anomaly over the WNP in the period from fall (0) to the second wet period (1) is associated with an eastward movement of an anticyclonic circulation anomaly over the northern Indian Ocean in the second wet period (0) (Chou 2004; Chen et al. 2007) . Figure 14 also implies a tendency toward an eastward movement of the anticyclonic circulation anomaly at the end of year 0, which is particularly clear in the positive streamfunction anomalies, which have existed since the second wet period (0) around the region from 608 to 908E (Fig. 14) . We note that the maximum easterly wind anomalies over the Indian Ocean are associated with the Indian Ocean dipole (e.g., Saji et al. 1999 ). This anticyclonic circulation anomaly starts to move eastward around the end of the second wet period (0) and the beginning of fall (0). This eastward movement of the low-level anticyclonic circulation anomaly is connected with the season (Chou 2004) . Other studies also show that the abrupt establishment of 
Discussion and conclusions
During the period of strong El Niñ o events with warm SST anomalies occurring over the equatorial eastern Pacific, the western North Pacific and East Asian (WNP-EA) rainfall exhibits a strong interannual variation. Over the northern part of the WNP-EA region, which is dominated by a southwest-northeast tilting rainband, negative precipitation anomalies are found from around the fall of the El Niñ o growing year (0) to the first wet period of the El Niñ o decaying year (1). Over the southern part of the WNP-EA region, which is dominated by tropical convection, the corresponding precipitation anomalies show more complicated variability. Positive precipitation anomalies are found over the Philippine Sea and the western North Pacific in both the first and second wet periods (0). On the other hand, negative precipitation anomalies occur from fall (0) to the second wet period of the following year (1). The precipitation anomalies also exhibit an intraseasonal variation in the first and second wet periods of year 0 and year 1. Even though the precipitation anomalies have a strong interannual variation, the onsets of most rainy periods vary little except for in the second wet period (1), which clearly shows a delay of onset.
The precipitation over the WNP-EA region can be affected by El Niñ o, mainly via low-level circulation anomalies commonly found during the El Niñ o period, and other processes, such as anomalous descent or subsidence associated with the upper-tropospheric circulation. The well-known low-level circulation anomalies can be induced and maintained by a weakening of the Walker circulation and local SST anomalies during the El Niñ o peak phase, but are associated with more complicated processes in other periods. A cyclonic circulation anomaly usually dominates the western North Pacific before fall (0), but an anticyclonic circulation anomaly quickly moves in and dominates the WNP in fall (0) when cold air associated with the northerly winds of the Asian winter monsoon circulation penetrates into this region. The anticyclonic circulation anomaly persists for around one year until the second wet period (1). The anticyclonic circulation anomaly brings relatively moist air from the south and enhances precipitation, associated with the frontal system, from fall (0) to the first wet period (1). The low-level circulation anomalies also affect tropical convection via modification of the surface heat flux exchange, such as evaporation. The anomalous tropical convection can also have a positive feedback in sustaining the low-level circulation anomalies.
Evaporation depends on the surface wind speed and moisture difference between the surface and atmosphere, which is usually dependent on SST. Over the WNP-EA region, SST anomalies are frequently a major contributing factor to the variation of evaporation, except during both second wet periods of year 0 and year 1. Cold SST anomalies are found from fall (0) to the first wet period (1) when SST anomalies dominate, so the evaporation anomalies and corresponding surface heat flux anomalies are negative. During both second wet periods (year 0 and year 1), the wind speed anomalies become a major factor contributing to the variation of evaporation; the SST anomalies are a response to atmospheric conditions, such as cloud cover. In the second wet period (0) when the low-level circulation anomaly is cyclonic, the corresponding wind speed is enhanced, so the evaporation and the corresponding surface heat flux anomalies are positive. Thus, convection is enhanced and precipitation anomalies are positive. During this period, the SST anomalies become colder because of the reduction of downward solar radiation due to more clouds and stronger evaporation. In the second wet period (1), the low-level circulation anomaly becomes anticyclonic, so the corresponding wind speed is reduced and evaporation is decreased. Thus, convection is weakened and the corresponding precipitation anomalies are negative. In this period, the SST anomalies are positive since less cloud allows more downward solar radiation and less evaporation tends to warm the ocean. The SST-dominated evaporation anomalies are associated with a thermodynamic process in which the ocean is a forcces an atmospheric response. SST anomalies in this period are most likely affected by ocean dynamics and should not be significantly influenced by surface heat flux exchange. The wind-speed-dominated evaporation anomalies, on the other hand, are associated with a dynamic process that interacts with the atmospheric circulation. In this case, the ocean becomes a response to atmospheric forcing-not a forcing to the atmosphere. The anomalous low-level circulation can induce evaporation anomalies that enhance or reduce convection. The changed convection then affects the atmospheric circulation via latent heat release; then the atmospheric circulation is further modified. Such dynamic feedback strongly depends on the mean circulation over the WNP-EA region. For instance, an anticyclonic circulation anomaly is found after the El Niñ o peak phase and persists into the following summer season. During the first wet period (1), the Asian summer monsoon trough has not yet extended eastward into the WNP, so the wind speed does not change significantly and even tends to be enhanced due to the westward extension of the Pacific subtropical high over the WNP. During the second wet period (1), on the other hand, the Asian summer monsoon trough extends eastward, so the anticyclonic circulation anomaly tends to reduce the wind speed over this region. This reduced wind speed then becomes a main mechanism for the persistence of the anticyclonic circulation anomaly into the deep summer of the El Niñ o decaying year.
Overall, the mechanisms for inducing precipitation anomalies and the corresponding mean precipitation over both northern and southern parts of the WNP-EA region are similar in each rainy period. However, the detail processes associated with the mechanisms of the precipitation anomalies over the southern part of the WNP-EA region are more complicated and quite different from the processes of the mean precipitation. Over the southern part of the WNP-EA region, as discussed by several studies (e.g., Wang et al. 2005; Wu et al. 2006) , a negative correlation between precipitation and local SST is usually found in summer over the WNP, but this negative correlation cannot be simulated by most atmospheric general circulation models (AGCMs). Thus, atmosphere-ocean coupled models are suggested to capture such a relationship over this region. Our study suggests that a well-simulated mean circulation over the WNP-EA should also be very important, particularly in the second wet period. With correct mean circulation, the anomalous circulation induced by El Niñ o can create the correct contribution of wind speed to surface heat flux. This is an important implication to help modelers improve simulations of the summer monsoon over the WNP-EA region.
